Electrophysiological studies of low-resistance junctions between Novikoff hepatoma cells grown in suspension cultures were carried out and correlated with gap-junctional areas per inferface determined by freeze-fracture. The mean coupling coefficient between isolated cell pairs was 0.773 +_ 0.025 (SEM) in 67G medium and 0.653 +_ 0.028 in M67 medium; the respective means for the central pairs of four-cell chains were 0.714 _+ 0.034 and 0.595 -+ 0.026. Mean estimates of nonjunctional resistances for cell pairs were 3.0 -0.32 • 107 ohm (67G) and 2.01 -+ 0.01 x 107 ohm (M67), and the respective estimates for specific nonjunctional resistances were 158.6 -+ 8.1 ohm-cm 2 (67G) and 133.0 _+ 812 ohm-cm 2 (M67). Mean estimates of junctional conductances were 0.409 -+ 0.058 x 10 -6 mho (67G) and 0.211 -+ 0.018 x 10 -6 mho (M67) for pairs and 0.291 _+ 0.063 • 10 -6 mho (67G) and 0.212 -0.04 mho (M67) for four-cell chains.
nonexcitable cells, the role of gap junctions may be more closely associated with their permeability to cell metabolites, nutrients, etc. (8, 17, 26, 32, 35) than with their electrical properties. Nevertheless, gap junctions are believed to transfer inorganic ions and other small molecules along the same intercytoplasmic channels (3, 19, 24) . If so, the permeability of the junctions to ions might bear a direct relation to the permeability to other small molecules (3) .
These arguments have provided a major impetus for studying the electrical properties of gap junctions. Two electrical properties are of particular interest. The first is gap-junctional conductance, 1 which is a measure of ionic permeability. The second is specific gap-junctional conductance, which is a measure of the ionic permeability of a unit area of junction.
To measure junctional conductance between the two cells of a pair, stringent requirements must be met (2, 31) . First, the cells must be in direct contact and have no indirect cellular pathways for current flow, e.g., there cannot be a third cell in contact with both cells in the pair to be tested. Second, it must be possible to pass current and to record transmembrane potential in each cell simultaneously. 2 These requirements have been met by only a few systems (4, 7) , and in others it has been necessary to turn to less direct approaches for estimating junctional conductance. Most indirect approaches are based on the assumption that junctional conductances and nonjunctional resistances (see fn. 1) are the same for all cells in the population (14, 33) . Thus, they derive an average junctional conductance and provide no information about variations within the population.
i We have used junctional conductance throughout the paper in deliberate preference to junctional resistance in order to emphasize the relationship to junctional permeability (and junctional area). Strictly speaking, the electrical measurements give the conduclance between the cell interiors without specifying the pathway. We assume that gap junctions, which are the only junctions seen in our system, provide the major conducting elements. Thus, junctional conductance refers to gap junctions. We have retained the use of nonjunctional resistance because this term is used so commonly outside the junction field in discussions of the electrical properties of membranes in general. z Even then, it is necessary to assume that the junctional channels do not open into the extracellular space.
It is even more difficult to obtain values of specific junctional conductance (11, 16, 37) because junctional areas must be measured. Most values of specific junctional conductance are derived by using either an estimate of the entire area of contact as an upper limit of junctional area (5, 11) or a mean area in conjunction with some estimate of mean junctional conductance (16) .
We have made use of the simple geometry of Novikoff hepatoma cells grown in suspension culture and of somewhat less restrictive assumptions about junctional and nonjunctional homogeneity to obtain an estimate of junctional conductance and nonjunctional resistance between the two cells of each pair studied. It has then been possible to Correlate the individual junctional conductances and nonjunctional resistances with other parameters of the coupled cells, e.g. cell volume and cell surface. Furthermore, we have used the estimated junctional conductances and the area of gap junction per interface to obtain an estimate of specific junctional conductance; our value is somewhat higher than that reported by most others, but is consistent with an estimate obtained for newt blastomeres (11) and with calculations based on one of the currently accepted models of gap-junction structure (3) .
Some of these data have been reported in brief elsewhere (30) .
MATERIALS AND METHODS

Preparations
Novikoff hepatoma cells were grown in suspension culture according to previously described methods (27) . Briefly, the cultures were initiated every 2 days by taking a few tenths of a millimeter of cell suspension (at about l0 s cells/ml) and diluting into 50 ml of medium, Swims 67G (Grand Island Biological Co., Grand Island, N.Y.) for earlier experiments and M67 (GIBCO) for later experiments. These media have similar compositions; the only significant difference is that 67G contains 5% pancreatic autolysate plus 5% calf serum, whereas M67 contains no autolysate and 10% calf serum. The medium was changed when pancreatic autolysate became unavailable. The cultures were shaken at 200 rpm on a gyratory shaker maintained at 37"C. The flasks were tightly sealed, so that the CO2 given off by the cells accumulated and so that, as growth proceeded, the pH dropped. Under these conditions, the cells doubled in 10-12 h and reached a saturation density of about 2 x l0 s cells/ml in 67G and about 1-1.2 • los cells/mi in M67.
SHE~DAN ET ,~L. Low-Resistance Junctions in Culture
Throughout log growth, cells were found in all degrees of association, from singlets to large clumps. The present electrophysiological studies were made on cell pairs and four-cell chains, whereas the ultrastructural studies were made on samples of the entire population (see below).
Experimental Arrangement
For each experiment, 4 ml of cells in log growth (generally about 0.5-0.9 x 106 cells/ml) were removed and placed in a 60-mm plastic culture dish (BioQuest, BBL & Falcon Products, Becton, Dickinson & Co., Cockeysville, Md.). Experiments were carded out for less than 2 h with the cells at room temperature (20 ~ 22~ and ambient CO= (thus, basic pH, about 8.0). Throughout the time period under these conditions, the cells showed no detectable changes in morphology or in the various electrical parameters measured. The cells remained rounded (cf. Fig. 2 ) but they adhered sufficiently strongly to the dish to permit stable penetrations with microelectrodes without additional immobilization.
Microelectrodes (30-50 Mohm) were filled with 3 M KC1 by boiling under reduced pressure or according to the fiber-fill method (39) . Conventional recording and current-passing methods were used (12, 13) as described in further detail in Results.
Electron Microscopy
Our basic procedures for electron microscopy (EM) and freeze-fracture have been described elsewhere (12) . Briefly, cells at about 10~/ml were fixed by adding glutaraldehyde (giving a final concentration of 2.5%) to cells suspended in M67, or, as a 2.5% solution in serum-free medium (BM 42; GIBCO), to loose pellets of cells. The loose pellets, obtained after 5 min of centrifugation at 45 g, were considerably easier to process for freeze-fracture. After fixation for 2 h, the pellets were treated with 20% glycerol overnight, frozen in liquid freon, and fractured by conventional methods on a Balzers' BAF 300 (Balzers High Vacuum Corp., Santa Ana, Calif.).
For comparison with junctional conductances, we determined the area of gap junction per interface by the following procedure: (a) To ensure that we included entire interfaces in our sample, we identified membrane faces at least large enough to fill the microscope screen at x 10,000 (i.e. 57/.~m = or greater). We chose this value because thin-section data (not shown) indicated that most interfaces were less than 8 /~m in diameter (in fact, many faces selected by this procedure were substantially larger than 57 /zm 2 and, thus, were likely to have included entire interfaces). (b) Faces that fulfilled criterion a and showed evidence of cellcell apposition were defined as "interfaces." In most cases, cell-cell apposition was confirmed by the presence of a "step" exposing the P-face (inner leaflet) of one cell and the E-face (outer leaflet) of the next cell as well as a gap junction or formation plaque (12) . (c) The total area of gap junction on each "interface" was obtained by adding areas of all gap junctions present. Areas of large junctions were estimated by assuming that the junctions were ellipses and by taking one-fourth the product of the major and minor axes multiplied by ~. Areas of small junctions were estimated by counting the number of particles and dividing by 104 particles/ /zm 2, the average density of particles in a tightly packed junction.
RESULTS
Theory
A simplified equivalent circuit for a coupled pair of cells is shown in Fig. 1 A. Cells 1 and 2 have nonjunctional resistances of rl and r2, respectively, and are connected by a low-resistance junction of resistance rj, and conductance, gj = 1/rj. (The circuit applies when the cells are connected by more than one gap junction; rj is then the total junctional resistance.) The extracellular resistance is assumed to be negligibly low, and the shunt resistance from the junction into the intercellular space is assumed to be infinite. If all three resistances (rl, r~, r~) were different, their values could only be obtained by passing current, I~ and /2, into cells 1 and 2, respectively, and by recording the voltage changes, V~ and V2, across the respective nonjunctional resistances. Experimentally, this would require two microelectrodes in each cell. Our method, however, relied on using pairs of spherical cells of essentially equal size (Fig. 2) , which we assumed to have equal nonjunctional a microelectrode, it was resonable to assume that the effective nonjunctional resistances were equal though now a bit lower than in undisturbed cells due to the damage from the impalements. However, with two electrodes we had insufficient information to calculate rm and rj.
A. CELL PAIR
B. FOUR-CELL CHAIN
_1_
Next, another microelectrode was inserted into cell 1 and the six pulses were repeated (Fig. 4) . This time, the voltage in cell 1 (VI') was recorded k_ FmURE 2 Representative photomicrographs of cell pair (a) and four-cell chain (b) Bar, 50 p.m. resistances; i.e. rl = r2 = rm (assumption 1). We felt that this assumption was justified because most pairs of ceils were probably daughter cells, which probably had a greater similarity of membrane properties than non-daughter cells. (When cells prelabeled with [aH]uridine were mixed with nonlabeled cells and co-cultured for 15 h under standard conditions, most pairs of cells were either uniformly and heavily labeled or totally unlabeled. Thus, there was little aggregation of labeled and unlabeled cells. We cannot rule out the possibility, however, that the cell pairs and four-cell chains were broken off from larger clumps.) Thus, the analysis required only one current-passing and two recording microelectrodes. (The effects of errors in our assumptions are considered in the Discussion.)
The actual experimental procedure is illustrated in Figs. 2, 3, and 4. First, each cell was impaled with a microelectrode (Fig. 3) . Three pulses of hyperpotarizing current (/) and three of depolarizing current were passed into cell 1, and the induced potential changes, II2, were recorded in cell 2. Because we had impaled each cell with as well as the voltage in cell 2 (V2'). We then had the requisite data, provided our assumption of equal nonjunctional resistances held. However, we had impaled cell 1 with two electrodes and cell 2 with only one; thus, it was likely that cell 1 had sustained greater damage and that ra was less than rz. This effect could be compensated for, however, by assuming that the coupling coefficient, V2'/VI', measured after impaling cell 1 with the second electrode, was the same as when cell 1 had only a single impalement, i.e. Vz/VI, which was not directly recorded (assumption 2).
We calculated nonjunctional resistances and junctional conductances from our data, from the input resistance, r~ = V~/I, and from the coupling coefficient, a = V2/V~, both corresponding to the condition in which each cell was impaled with one electrode. According to assumption 2, a = V2/V1 = V2'/VI', and ri could be obtained from,
In calculating r i for each pair, we used the mean value for V~//and the mean value for a for each series of varied currents. For the equivalent circuit in which r~ = rz = rm, the input resistance is also given by, We obtain rj from equation (3) and gj from
A similar analysis was also carried out on the internal pairs of cells of four-cell chains whose cells were all of comparable sizes. For these, we used the equivalent circuit shown in Fig. 1 which is the case if, e.g., rl = r2 = r3 = r4 = rm and rj1 = rj3, then we can write, by analogy with the two-cell situation discussed above, r,s = rn(1 + a),
where rn is the input resistance of cell 2, and and rjz = rnj (~--~),
1 g~ -rjz"
Clearly, the assumption of complete symmetry was less justifiable than for the two-cell system, and the results were correspondingly less reliable.
To obtain the necessary data, we treated cells 2 and 3 as we did cells 1 and 2 in our two-cell experiment, i.e., impaled each with a single (1) electrode, then cell 1 with an additional electrode. We then had Va/12 and V~'/V2' = a, which we assumed equal to Va/V2 for the two-electrode situation. As before,
and we then used equations 6 and 7 to estimate (2) rn and then equation 8 to obtain gn.
Coupling Coefficient
The most commonly used quantitative measure of electrical coupling is the coupling coeffi- (3) cient (2, 36) . Fig. 5 shows our data on coupling coefficients for cell pairs and four-cell chains (Fig. 5) . As in subsequent figures, the values from cells grown in the two different media (4) (67G and M67) are shown separately. The general shapes of the four distributions of coupling coefficients are similar. Cell chains in both media tended to have lower coefficients than cell pairs, (5) which would be expected even if the junctional conductances were comparable, because the effective nonjunctional resistances were lower (see Theory section above). There was also a tendency for cells in M67 to have lower coefficients (and lower junctional conductances; see below).
Junctional Conductances
As shown in Fig. 6 , the values of & estimated for cell pairs and for cell chains were similar and 
Non junctional Resistances
The values for nonjunctional resistance from cell pairs (Fig. 7) are distributed more symmetrically with a shift toward lower rm values in M67. The rm values and estimates of nonjunctional areas were used to obtain estimates of specific nonjunctional resistances (Fig. 8). (Nonjunctional areas were estimated using the radius measured from photomicrographic negatives projected at about x 2 onto graph paper: Area = 47rr2.) The specific resistances displayed a similar, though less marked, shift toward lower values in M67.
Correlation between Junctional Conductances and Cell Volume
It seemed useful to determine whether there was a correlation in cell pairs between junctional conductance and cell volume (4/3 rrr s, where r = radius measured as described above). We suspected that most pairs in our system were formed by cell division (see below), and inasmuch as cell volume generally increases as the cell progresses through the cell cycle, we anticipated cycle-dependent changes in junctions. As shown in Fig. 9 , there was a slight tendency for higher conductance with large cells(r = +0.178) but the slope was not significant (0.1 > P > 0.05) (data have been plotted only for cells in M67).
As one of us has suggested previously (31), a parameter likely to be of interest in nonelectrical communication is the junctional permeability (or junctional area) per cell volume. Because junctional conductance is a measure of ionic permeability, we have calculated the ratio, junctional conductance per cell volume, and we have plotted the values from M67 cells in Fig. 10 . The values are positively skewed.
Gap-Junctional Areas
We found that 35 Our estimates of junctional conductances and nonjunctional resistances are, however, subject to certain potential errors. First, our derivation depends on two assumptions: (a) that when cell sizes are equal, the nonjunctional resistances are equal and, further, remain equal, though perhaps lower, when each cell is impaled with a single microelectrode; and (b) that the coupling coefficient is the same before and after impaling a cell with a second microelectrode. The first assumption is reasonable if, as we believe, pairs are likely to be daughter cells and, thus, more alike than non-daughter cells. This assumption cannot be tested directly, but we can determine the general direction of the errors that would be introduced if the assumption were incorrect. would be only about 14% greater than if rl = r2, but the true gj would be about 40% less. If, on the other hand, rl = 2 r2, then the true mean rm would be about 8% higher but the true gj would be about 38% higher. Inasmuch as rl and r2 had equal probabilities of being greater, there was a "" "i,:'.'" " 500 I~)00 ksoo 2poo 2,500 3,000
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Scatter diagram relating junctional conductance and cell volume for cell pairs grown in M67. net tendency to underestimate rm with little net effect on gj. There would be a tendency to underestimate gj, however, with a smaller a value and/or larger rl/r2. The second assumption also is not directly testable, but again the effects of change in coupling coefficient can be estimated. The most likely change due to damage caused by the second electrode in cell 1 would be to decrease coupling (22) . If the measured coupling coefficient were 0.8 and the transfer resistance (from the two-electrode measurement) were 12.3 Mohm, the estimated rm = 27.7 Mohm and gj = 0.14 x 10 -6 mho. If the true coupling coefficient were 0.9 and the transfer resistance (again for the two-electrode measurement) were 12.3 as before, the true rm = 26.9 Mohm and & = 0.35 x 10 -6 mho. In other words, decreasing the coupling coefficient by inserting the second electrode in cell 1 would increase the apparent rm slightly and decrease the apparent gj values with a disproportionate effect on gj. Furthermore, the effect is greater the higher the coupling coefficient. Thus, inaccuracies in the two assumptions would have opposite effects on the estimated rm values, but would lead to underestimates of &.
A second possible problem would be the inclusion of cell pairs in late telophase joined by persistent cytoplasmic bridges or mid-pieces. The estimated & values for these cells would be quite high and could conceivably contribute some of the scattered high values (Fig. 6) . Such a contamination cannot be ruled out, but is unlikely to be great. First, we have seen only a few mid-pieces in our extensive EM studies of these ceils (13; and unpublished thin-section studies). Second, newly divided cells are likely to be appreciably smaller than cells at later stages in the cycle (20) . Thus, if mid-pieces occurred frequently, we would have expected appreciable numbers of small ceils with high junctional conductances (i.e., due to mid-pieces). Such was not the case, and in fact it is likely that smaller cells were selected against in our electrophysiological sample (see below).
The distributions of gj values (Fig. 6 ) from cell pairs and four-cell chains were similar, both in general shape and in showing a slight shift toward lower conductances in M67 medium. This similarity gives us further confidence that our estimates are reasonable. The pronounced skewing of the curves suggests that caution should be used when comparing our mean gj values with those obtained in other systems. values found at septal synapses (6, 23) and giant motor synapses of crayfish (7), or in the insect salivary gland (18) . We suspect that our nonjunctional resistances (.~ = 2.01 x l0 T ohm, M67; 3.00 • l0 T ohm, 67G) are low because they were estimated for the condition in which each cell was impaled with a microelectrode. Furthermore, our estimates of cell surface area (but not volume) are also likely to be low, because we assumed that the cell surfaces were smooth, whereas we know from our unpublished scanning EM pictures that the cells have numerous microvillar projections. Therefore, our values for specific nonjunctional resistance (s = 133 ohm-cm 2, M67; 158.6 ohmcm 2, 67G) are likely to be quite low, perhaps by as much as an order of magnitude. Nevertheless, our values compare well with estimates from other culture systems subject to similar manipulations and errors in estimating surface area (5) .
Irregularities in surface projections are likely to have much less effect on volume determinations. Thus, our junctional conductance per volume estimates are probably as reliable as the & values from which they were obtained. If the mean (~ = 1.71 x 10 -4 /~mho//xma_ + 0.47 SEM) is converted to junctional area per volume (using 102 mho/cm 2 as the specific junctional conductance, see below), we obtain a value of about 1.71 x 10 -4/zm -1, which is between one and two orders of magnitude below the value estimated for liver (6 x 10 -a/~m-l), heart (2 x 10 -a /zm-l), and smooth muscle (4 x 10 -a /zm-1), but similar to that for baby hamster kidney (BHK) fibroblasts (1.3 x 10 -4 /zm -~) (31; and unpublished calculations).
The potential interest of these comparisons derives from the assumption (developed elsewhere; reference 31) that nonelectrical communication should be favored by high ratios. It should just be noted that the BHK fibroblasts effectively transfer nucleotides (25, 38) , presumably via their gap junctions, so a low ratio does not imply absence of nonelectrical communication.
The absence of a significant positive correlation between junctional conductance and cell size possibly results from the omission of very small and very large cells from our sample (see below). (It is less likely that pairs or chains comprised of cells in grossly different stages of the cycle were studied because we were careful to choose cases where both, or all four, cells were of equal size.) These extremes are more likely to represent the early and late stages of the cell cycle and, thus, potentially the most divergent junctional sizes. From our studies of junctional formation between reaggregated cells (12; and unpublished data), we would predict that daughter cells in the first 2 h of the cycle would have, on the average, significantly smaller junctional sizes than later cells. Also, preliminary EM data suggest that cells in large clumps (greater than 30 cells) can have extremely large junctions. These large junctions may result from gradual accretion of junctional particles as the clumps are carried over during subculture.
An important goal of our study was to compare our estimated junctional conductances with our freeze-fracture data on gap-junctional area per interface to determine the likely limits on specific gap-junctional conductance. Because the electrophysiological and ultrastructural data were obtained on separate samples, a direct calculation of specific conductances for each pair of coupled cells was not possible. The samples were also different in three important senses: (a) The EM data were obtained from ceils in clumps of widely varying sizes, from 2 to 100 cells (assuming indiscriminate sampling from the entire culture). The electrophysiological data, however, were obtained only from cell pairs and four-cell chains. (b) Smaller cells, less than about 12 /zm in diameter, were avoided in the electrophysiological study, but were probably included in the EM study. (c) To make it possible to obtain a larger sample size and to facilitate processing of cells for freeze-fracture, the cells were loosely pelleted before fixation in the initial experiments. (The implications of these differences are considered further below). As we see in Fig. 12 , the shapes of the curves of junctional conductances and junctional areas are similar, as we would expect if they were measurements on comparable populations of junctions and if the junctional areas were directly proportional to junctional conductances.
A closer comparison of the junctional area and conductance distributions, however, indicates a higher proportion of areas below 0.01 p,m 2 and above 0.7 /~m ~ in the EM data (from pelleted material) than expected from the conductance curves. The source of these discrepancies is unclear, but the following suggestions can be made. The disproportionately small number of lower conductances in the electrophysiological data may result from our tendency to select intermediate-to large-size cells for the electrophysiological studies (see above). A comparison (not shown) of the diameters of cells studied electrophysiologically and those present in the entire population indicates that the total population includes substantially more ceils in the 11-to 13-~m range. These smaller cells are more likely to be in earlier stages of the cell cycle and, thus, to have been in contact shorter times, resulting in smaller junctions. By omitting these cells from the population studied electrically, we potentially missed the cells with the smallest junctional conductances.
It is also likely that some of the smaller junctions were formed in the few minutes during which the cells were in the loose pellets before being fixed. The junctional areas seen in material fixed in suspension are, on average, slightly (though not significantly) larger (Fig. 12) and there is a higher proportion of interfaces with gap junctions relative to those with only formation plaques (unpublished data). Although the sample from suspension-fixed cells is smaller, the general shape of the distribution resembles that for junctional conductances, in fact somewhat better than the values from pelleted cells.
The greater percentage of areas above 0.7 tzm ~ may reflect the possibility that cells in clumps have been in contact with neighbors longer than one cell cycle and, thus, have had time to produce larger junctions than possible for cell pairs. In this regard, it is interesting that the four-cell chains had a larger spread of conductances.
Other factors may also have contributed to the discrepancies between the EM and electrical data. The electrical data may actually have an artifactually low range as a result of errors in the assumption that the two cells in each pair have equal nonjunctional resistances (see Discussion). Furthermore, less adhesive cells were perhaps disrupted during transfer of the cells to the dish before electrophysiological study. Finally, the smallest gap junctions may have been below the limit of resolution of our electrophysiological method. (Unpublished estimates, however, suggest that we could detect junctions with as few as 10-20 panicles in optimal cases.) Thus, considering the potential complications, the ultrastructural and electrophysiological data agree remarkably well and justify using the ratio of the mean junctional conductance (0.211 x 10 -6 mho) to the mean junctional area per interface (0.187 • 10 -s cm z for suspension-fixed cells) to obtain an estimate of specific junctional conductance (1.13 x 102 mho/cm 2 or 0.78 x 102 mho/cm 2, respectively).
Our estimate for specific junctional conductance is generally higher than other estimates, most of which range from 0.1 to 1 mho/cm 2 (6, 14, 16, 33, 37) . In few of these cases have the correlations of structure and conductances been very precise. Many of these values are certainly low because the junctional areas used to make the calculations were high, e.g., in the tunicate heart (16), a specific conductance of 5 mho/cm z was estimated on the basis of the area of "tight junctions"; because only a small fraction of this area was likely to have been gap junctions (just the basal "tight junctions"), the specific conductance estimate might well be low by an order of magnitude. In one study of cultured embryonic cells (33) , the area of the total interface was used rather than the junctional area, again giving a value probably two or more orders of magnitude too low. In a study of cultured heart cells (14) , the specific conductance was estimated with junctional areas obtained by other workers for adult heart cells. Inasmuch as the cultured cells quite possibly had smaller junctional areas, the estimated specific conductance again is probably too low. The most reliable values for adult heart are derived from morphometric analysis of thin sections that provide an average junctional area per interface (37) . However, the electrical data in no case come from the same preparation as the EM data, and in some cases the data come from different species, Whether this results in an order of magnitude error is questionable, but it might account for some of the discrepancy.
Our data are consistent with the recent estimate of specific conductance provided by Ito et al. (11) from a study of Triturus blastomeres. Their estimate "of the order of 102 mho/cm2, '' was based on data from three cell pairs joined by "3-4" fine cytoplasmic processes judged to be 1 /zm in diameter. This estimate is a lower limit for specific conductance, provided the processes were not enlarged at the point of contact and provided their cross-sectional area could be taken as the maximum possible junctional area. It should be noted that the nature of the junction in these experiments is unknown.
The value of 10 z mho/cm z is consistent also with theoretical models of junctional structure (3) that assume that the junctional particles contain channels 1-2 nm in diameter having a resistivity comparable to that of cytoplasm.
It is interesting that the estimated conductance of the channels controlled by acetylcholine receptors in the postsynaptic membrane of the neuromuscular junction is 10 -1~ mho/particle (15) , essentially the same as our estimate. Considering that our channels should have nearly three times the length (i.e. 20 vs. 7.5 nm), the diameter of our channels could well be 50-75% greater, resulting in channels sufficiently wide to pass molecules larger than inorganic ions.
In conclusion, our studies provide extensive quantitative data on the electrical (and related ultrastructural) properties of low-resistance j unctions between Novikoff hepatoma cells grown in suspension culture. Because these cells are maintained in culture and are transformed, however, we need to be cautious in generalizing from our data to the properties of normal cells in situ. Because variations in area are common in different biological systems and even within the same system at different stages in development, we might expect comparable variations in permeability with important functional consequences.
